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$\{\begin{array}{ll}\frac{\partial u}{\partial t}-\nu\Delta u=f(x, t, u, \nabla u), in \Omega\cross J, (1a)u(x, t)=0, on \partial\Omega\cross J, (1b)u(x, 0)=0, on \Omega, (1c)\end{array}$





$S_{h}(\Omega)\subset H_{0}^{1}(\Omega)$ $S_{h}(\Omega)$ $\{\phi_{i}\}_{i=1}^{n}$
$u_{h}^{k}\in H^{1}(J;S_{h}(\Omega))$ (1) $u=w+u_{h}^{k}$ (1)
$\{\begin{array}{ll}\frac{\partial w}{\partial t}-\nu\triangle w-f’(u_{h}^{k})w=g(w), in \Omega\cross J, (2a)w(x, t)=0, on \partial\Omega\cross J, (2b)w(x, 0)=0. on \Omega, (2c)\end{array}$
$S_{h}(\Omega)\subset H^{2}(\Omega)$ $g(w)=f(x, t, w+u_{h}^{k}, \nabla(w+u_{h}^{k}))_{t}^{k}-\frac{\partial u}{\partial}A+\nu\triangle u_{h}^{k}-$
$f’(u_{h}^{k})w$ $f’(u_{h}^{k})$ $f$ $u_{h}^{k}$ Frechet
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$W_{\alpha}\subset L^{2}(J;H_{0}^{1}(\Omega))$
$F(W_{\alpha})\subset W_{\alpha}$ $W_{\alpha}$ (3)
$\Vert \mathcal{L}_{t}^{-1}\Vert\equiv\Vert \mathcal{L}_{t}^{-1}\Vert_{c(L^{2}(J;L^{2}(\Omega)),L^{2}(J;H_{O}^{1}(\Omega)))}$
$W_{\alpha}=\{w\in L^{2}(J;H_{0}^{1}(\Omega));\Vert w\Vert_{L^{2}(J;H_{O}^{1}(\Omega))}\leq\alpha\}$
$\Vert \mathcal{L}_{t}^{-1}\Vert_{\mathcal{L}(L^{2}(J;L^{2}(\Omega)),L^{2}(J;H_{o}^{1}(\Omega)))}\sup_{w\in W_{\alpha}}\Vert g(w)\Vert_{L^{2}(J;H_{O}^{1}(\Omega))}\leq\alpha$ , (4)
3 $\Vert \mathcal{L}_{t}^{-1}\Vert_{\mathcal{L}(L^{2}(J;L^{2}(\Omega)),L^{2}(J;H_{0}^{1}(\Omega)))}$
(4) $\Vert \mathcal{L}_{t}^{-1}\Vert$




$\Vert \mathcal{L}_{t}^{-1}\Vert\leq\exp(\beta T)\frac{C_{p}}{\nu}\Vert g\Vert_{L^{2}(J;L^{2}(\Omega))}$ (5)
$C_{p}$ $\Vert u\Vert_{L^{2}(\Omega)}\leq C_{p}\Vert\nabla u\Vert_{L^{2}(\Omega)}$ Poincar\’e $\beta$
$\max(\sup_{\Omega\cross J}(-c),$ $0)\leq\beta$ ,
$\beta$ $T$ (5)
(4) $(b\neq 0$ apriori [6]
).
3.2 Aposteriori ( $\rceil$ )
$P_{h}^{1}:H_{0}^{1}(\Omega)arrow S_{h}(\Omega)$ $H_{0}^{1}$ -projection $P_{h}^{1}$
$(\nabla(u-P_{h}^{1}u), \nabla v_{h})_{L^{2}(\Omega)}=0$, $\forall v_{h}\in S_{h}(\Omega)$ , (6)
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$S_{h}(\Omega)$ $\{\phi_{i}\}_{i=1}^{n}$ $n\cross n$ $L_{\phi},$ $D_{\phi}$ ,
$Q_{\phi}$
$L_{\phi,i,j}:=(\phi_{j}, \phi_{i})_{L^{2}(\Omega)}$ , $D_{\phi,i,j}:=(\nabla\phi_{j}, \nabla\phi_{i})_{L^{2}(\Omega)^{d}}$ (7)
$Q_{\phi,i,j}:=\nu(\nabla\phi_{j}, \nabla\phi_{i})_{L^{2}(\Omega)^{d}}+((b\cdot\nabla)\phi_{j}, \phi_{i})_{L^{2}(\Omega)}+(c\phi_{j}, \phi_{i})_{L^{2}(\Omega)}$ , (8)
$D_{\phi},$ $L_{\phi}$ Cholesky
$D_{\phi}=D_{\phi}^{1/2}D_{\phi}^{T/2},$ $L_{\phi}=L_{\phi}^{1/2}L_{\phi}^{T/2}$ . $M_{\phi}^{10}(h)$
$\Vert D_{\phi}^{T/2}(L_{\phi}\frac{d}{dt}+Q_{\phi})^{-1}L_{\phi}^{1/2}\Vert_{\mathcal{L}(L^{2}(J)^{n}},$ $L^{2}(J)^{n})\leq M_{\phi}^{10}(h)$ , (9)
(9)
apriori ( ) [2].
$P_{h}^{1}$ :
$\Vert u-P_{h}^{1}u\Vert_{H_{O}^{1}(\Omega)}\leq C_{\Omega}(h)\Vert\triangle u\Vert_{L^{2}(\Omega)}$ , $\forall u\in H_{0}^{1}(\Omega)\cap X(\Omega)$ , (10)
$\Vert u-P_{h}^{1}u\Vert_{L^{2}(\Omega)}\leq C_{\Omega}(h)\Vert u-P_{h}^{1}u\Vert_{H_{0}^{1}(\Omega)}$ , $\forall u\in H_{0}^{1}(\Omega)$ . (11)
$X(\Omega):=\{u\in L^{2}(\Omega)$ ; $\triangle u\in L^{2}(\Omega)\}$ $C_{\Omega}(h)$ [1]












$S_{h}(\Omega)\subset H_{0}^{1}(\Omega)$ $V_{k}^{1}(J)\subset V^{1}(J)\equiv H^{1}(J)\cap$
$\{u(O)=0\}$ Lagrange $(\dim S_{h}=n$ ,
$\dim S^{k}=m)$ . $V:=V^{1}(J;L^{2}(\Omega))\cap L^{2}(J;H_{0}^{1}(\Omega))$
$P_{h}$ : $Varrow V^{1}(J;S_{h}(\Omega))$
$( \frac{\partial}{\partial t}(u-P_{h}u),$ $v_{h})_{L^{2}(\Omega)}+\nu(\nabla(u-P_{h}u), \nabla v_{h})_{L^{2}(\Omega)^{d}}=0,$ $\forall_{v_{h}}\in S_{h}(\Omega)$ , a.e. $t\in J$,
$P_{h}$ $f\in L^{2}(J;L^{2}(\Omega))$
$\frac{\partial}{\partial t}u-\nu\triangle u=f$, (14)
$u$
$\Pi_{k}:V^{1}(J;S_{h}(\Omega))arrow V_{k}^{1}(J;S_{h}(\Omega))$
$u(t_{i})=\Pi_{k}u(t_{i})$ , $\forall_{i}\in\{0,1, \cdots , m\}$ ,
projection $P_{h}^{k}$ : $Varrow V_{k}^{1}(J;S_{h}(\Omega))$
$P_{h}^{k}u:=\Pi_{k}(P_{h}u)$
$V_{k}^{1}(J;S_{h}(\Omega))\equiv S_{h}(\Omega)\otimes V_{k}^{1}(J)$
41.1 $P_{h}$ $\vec{u}_{h}\in V^{1}(J)^{n}$
:
$P_{h}u(x, t)=\vec{u}_{h}(t)^{T}\Phi(x)$ .
$\Phi(x)\equiv(\phi_{1}, \cdots, \phi_{n})^{T}.\vec{u}_{h}$ (14)
$L_{\phi} \frac{d}{dt}\vec{u}_{h}+\nu D_{\phi}\vec{u}_{h}=f$ (15)
$L_{\phi},$ $D_{\phi}$ (7) $\mathbb{R}^{n\cross n}$ $f\in \mathbb{R}^{n},\tilde{f}_{i}=(f, \phi_{i})_{L^{2}(\Omega)}$
(15) :
$\vec{u}_{h}(t)=\int_{0}^{t}\exp(\nu L_{\phi}^{-1}D_{\phi}(s-t))L_{\phi}^{-1}f(s)ds$ , (16)
$P_{h}^{k}u(x, t_{j})=( \int_{0}^{t_{j}}\exp(\nu L_{\phi}^{-1}D_{\phi}(s-t_{j}))L_{\phi}^{-1}f(s)ds)\Phi(x)^{\forall}x\in\Omega,$ $1\leq j\leq m$ .
$P_{h}^{k}$ $L_{\phi}^{-1}D_{\phi}$
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$\Vert\triangle_{t}u\Vert_{L^{2}(j;L^{2}(\Omega))}$ , $\forall u\in\tilde{V}$ . (17)
$\Vert u\Vert_{L^{2}(JH_{O}^{1}(\Omega))}$;
$\leq$ $\frac{c_{p}}{\nu}\Vert\triangle_{t}u\Vert_{L^{2}(j;L^{2}(\Omega))}$ , $\forall u\in\tilde{V}$ . (18)
$\Vert P_{h}u\Vert_{V^{1}(J;L^{2}(\Omega))}$
$\leq$
$\Vert\triangle_{t}u\Vert_{L^{2}(JL^{2}(\Omega))};$ , $\forall u\in\tilde{V}$ . (19)
$\Vert P_{h}u\Vert_{L^{2}(JH_{O}^{1}(\Omega))}$;
$\leq$ $\frac{c_{p}}{\nu}\Vert\Delta_{t}u\Vert_{L^{2}(J;L^{2}(\Omega))}$ , $\forall u\in\tilde{V}$ . (20)
$\Vert u_{-P_{h}\Vert_{L^{2}(JH_{0}^{1}(\Omega))}}u$;






$\Vert u_{h}\Vert_{H_{O}^{1}(\Omega)}\leq C_{i}nv(h)\Vert u_{h}\Vert_{L^{2}(\Omega)}$ , $\forall u_{h}\in S_{h}(\Omega)$ . (23)
$S_{h}(\Omega)$ $C_{i}nv(h)=\sqrt{12}h^{-1}$ [5].
$\Pi_{k}$
$\Vert u-\Pi_{k}u\Vert_{L^{2}(J)}\leq C_{J}(k)\Vert u\Vert_{V^{1}(J)}$ , $\forall u\in V^{1}(J)$ . (24)
$V_{k}^{1}(J)$ $C_{J}(k)= \frac{k}{\pi}$ [5]. (24)
$\Vert u_{h}-\Pi_{k}u_{h}\Vert_{L^{2}(J;L^{2}(\Omega))}\leq C_{J}(k)\Vert\frac{\partial}{\partial t}u_{h}\Vert_{L^{2}(J;L^{2}(\Omega))},\forall u_{h}\in V^{1}(J;S_{h}(\Omega))$ . (25)
(20), (23), (25) $\Vert P_{h}^{k}u\Vert\leq\Vert\Pi_{k}P_{h}u-P_{h}u\Vert+\Vert P_{h}u\Vert$
$\Vert P_{h}^{k}u\Vert_{L^{2}(J;H_{O}^{1}(\Omega))}\leq(\frac{C_{p}}{\nu}+C_{inv}(h)C_{J}(k))\Vert\Delta_{t}u\Vert_{L^{2}(J;L^{2}(\Omega))},\forall u\in\tilde{V}$ . (26)
$\Vert u-P_{h}^{k}u\Vert\leq\Vert u-P_{h}u\Vert+\Vert P_{h}u-\Pi_{k}P_{h}u\Vert$ 2
$\Vert u-P_{h}^{k}u\Vert_{L^{2}(J;L^{2}(\Omega))}$
$\leq$ $C_{0}(h, k)\Vert\triangle_{t}u\Vert_{L^{2}(J;L^{2}(\Omega))},\forall u\in\tilde{V}$, (27)
$\Vert u-P_{h}^{k}u\Vert_{L^{2}(J;H_{O}^{1}(\Omega))}$
$\leq$
$C_{1}(h, k)\Vert\triangle_{t}u\Vert_{L^{2}(J;L^{2}(\Omega))}$ , $\forall u\in\tilde{V}$ . (28)
$C_{0}(h, k)=( \frac{8}{\nu}C_{\Omega}(h)^{2}+C_{J}(k))$ , $C_{1}(h, k):=( \frac{2}{\nu}C_{\Omega}(h)+C_{inv}(h)C_{J}(k))$ ,
$C_{\Omega}(h)=O(h),$ $C_{J}(k)=O(k),$ $C_{inv}(h)=O(h^{-1})$
$k=h^{2}$ Co $(h, k)=O(h^{2}),$ $C_{1}(h, k)=O(h)$
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4.2 Aposteriori ( 2)
$\Vert \mathcal{L}_{t}^{-1}\Vert$ $A:=-\triangle_{t}^{-1}(b\cdot\nabla+c)$
$f_{h}^{k}\in V_{k}^{1}(J;S_{h}(\Omega))$ $u_{h}^{k}\in V_{k}^{1}(J;S_{h}(\Omega))$ $u_{h}^{k}-P_{h}^{k}Au_{h}^{k}=f_{h}^{k}$ ,
$f_{h}^{k}$ $u_{h}^{k}$ $[I-A]_{h,k}^{-1}$ $M_{\phi,\psi}(h, k)$




$C_{0}:=M_{\phi,\psi}( \frac{C_{p}}{\nu}+C_{inv}(h)C_{J}(k))$ , (30)
$C_{1};=\Vert b\Vert_{L\infty(J;L^{\infty}(\Omega))^{d}}+C^{\cdot}.cp..L\infty(J;L\infty(\Omega))$ , (31)
$\kappa_{\phi,\psi};=\frac{\Vert b\Vert_{L^{\infty}(J;L\infty(\Omega))}(1+C_{0}C_{1})C_{1}(h,k)+C_{0}C_{1}C_{0}(h,k)\Vert c\Vert_{L^{\infty}(J;L(\Omega))}\infty}{1-C_{0}(h,k)\Vert c\Vert_{L^{\infty}(J;L^{\infty}(\Omega))}}$, (32)
$k=h^{2}$ $harrow 0$ $c_{0}arrow M_{\phi,\psi}C_{p}/\nu,$ $C_{0}(h, k)arrow 0,$ $C_{1}(h, k)arrow 0$
$h$ $k$ $\kappa_{\phi,\psi}\geq 0$, $harrow 0$ $\kappa_{\phi,\psi}arrow 0$
4.1. $0\leq\kappa_{\phi,\psi}<1$
$\Vert \mathcal{L}_{t}^{-1}\Vert\leq\frac{1C_{0}+(1+C_{0}C_{1})C_{1}(h,k)}{1-\kappa_{\phi,\psi}1-C_{0}(h,k)\Vert c\Vert_{L\infty(J;L\infty(\Omega))}}$ . (33)
41 $|$ L $\infty\infty$ (J;L $\infty\infty$ ( $\Omega$)), IL2(J;L2( $\Omega$)),
$|$ $|$
L2 $(J;H_{0}^{1}(\Omega))$ I $|_{L^{\infty}L\infty}$ , I $|_{L^{2}L^{2}}$ , I $|_{L^{2}H_{O}^{1}}$
$g\in L^{2}(J;L^{2}(\Omega))$ $u:=L_{t}^{-1}g\in V\cap L^{2}(J;X(\Omega))$ $P_{h}^{k}$
$u$
$\triangle_{t}u+(b\cdot\nabla)u+cu=g$ $\Leftrightarrow$ $u=\triangle_{t}^{-1}(-(b\cdot\nabla)u-cu+g)$ (34)
$\Leftrightarrow\{\begin{array}{ll}P_{h}^{k}u=P_{h}^{k}\triangle_{t}^{-1}(-(b\cdot\nabla)u-cu+g), (35a)(I-P_{h}^{k})u=(I-P_{h}^{k})\triangle_{t}^{-1}(-(b\cdot\nabla)u-cu+g). (35b)\end{array}$
$u\perp:=u-P_{h}^{k}u$ (35a), (29), (26), (18)
$\Vert P_{h}^{k}u\Vert_{L^{2}H_{0}^{1}}=\Vert[I-A]_{h}^{-1}{}_{k}P_{h}^{k}(Au\perp+\triangle_{t}^{-1}g)\Vert_{L^{2}H_{0}^{1}}$
$\leq M_{\phi,\psi}(\Vert P_{h}^{k}Au\perp\Vert_{L^{2}H_{0}^{1}}+\Vert P_{h}^{k}\triangle_{t}^{-1}g\Vert_{L^{2}H_{O}^{1}})$
$\leq C_{0}\Vert b\Vert_{L^{\infty}L^{\infty}}\Vert u_{\perp}\Vert_{L^{2}H_{O}^{1}}+C_{0}\Vert c\Vert_{L^{\infty}L^{\infty}}\Vert u_{\perp}\Vert_{L^{2}L^{2}}+C_{0}\Vert g\Vert_{L^{2}L^{2}}$ , (36)
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(27), (34)
$\Vert u_{\perp}\Vert_{L^{2}L^{2}}\leq C_{0}(h, k)(\Vert b\Vert_{L^{\infty}L^{\infty}}\Vert u\Vert_{L^{2}H_{0}^{1}}+\Vert c\Vert_{L^{\infty}L^{\infty}}\Vert u\Vert_{L^{2}L^{2}}+\Vert g\Vert_{L^{2}L^{2}})$
$C_{3}:=(1-C_{0}(h, k)\Vert c\Vert_{L^{\infty}L^{\infty}})^{-1}$ $0\leq\kappa_{\phi,\psi}<1$
$1-C_{0}(h, k)\Vert c\Vert_{L^{\infty}L^{\infty}}-C_{0}C_{1}C_{0}(h, k)\Vert c\Vert_{L^{\infty}L^{\infty}}>0$ (37)
$1-C_{0}(h, k)\Vert c\Vert_{L^{\infty}L\infty}-\Vert b\Vert_{LL\infty}\infty C_{1}(h, k)>0$ (38)
(37) $C_{0}C_{1}C_{0}(h, k)\Vert c\Vert_{LL\infty}\infty\geq 0$
$\Vert u_{\perp}\Vert_{L^{2}L^{2}}\leq C_{0}(h, k)(C_{1}\Vert P_{h}^{k}u\Vert_{L^{2}H_{O}^{1}}+\Vert b\Vert_{L\infty L\infty}\Vert u_{\perp}\Vert_{L^{2}H_{0}^{1}}+\Vert g\Vert_{L^{2}L^{2}})C_{3}$ , (39)
(35b) $L^{2}(J;H_{0}^{1}(\Omega))$ (28)
$\Vert u_{\perp}\Vert_{L^{2}H_{O}^{1}}\leq C_{1}(h, k)\Vert-(b\cdot\nabla)u-cu+g\Vert_{L^{2}L^{2}}$
$\leq C_{1}(h, k)(C_{1}\Vert P_{h}^{k}u\Vert_{L^{2}H_{O}^{1}}+\Vert b\Vert_{L^{\infty}L\infty}\Vert u_{\perp}\Vert_{L^{2}H_{0}^{1}}+\Vert c\Vert_{L\infty L\infty}\Vert u_{\perp}\Vert_{L^{2}L^{2}}+\Vert g\Vert_{L^{2}L^{2}})$ .
(40)
$R_{1,1},$ $R_{1}$ ,2, $R_{2,1},$ $R_{2,2},$ $b_{1},$ $b_{2}$
$R_{1,1}:=1-C_{0}C_{1}C_{0}(h, k)\Vert c\Vert_{L^{\infty}L^{\infty}}C_{3}$, $R_{1,2}:=C_{0}\Vert b\Vert_{L^{\infty}L^{\infty}}C_{3}$ , $b_{1}:=C_{0}C_{3}$ ,
$R_{2,1}:=C_{1}C_{1}(h, k)C_{3}$ , $R_{2,2}$ $:=1-\Vert b\Vert_{L^{\infty}L^{\infty}}C_{1}(h, k)C_{3}$ , $b_{2}:=C_{1}(h, k)C_{3}$ ,
(36), (39)
$R_{1,1}\Vert P_{h}^{k}u\Vert_{L^{2}H_{0}^{1}}-R_{1,2}\Vert u_{\perp}\Vert_{L^{2}H_{0}^{1}}\leq b_{1}\Vert g\Vert_{L^{2}L^{2}}$ (41)
(38), (39), (40)
$-R_{2,1}\Vert P_{h}^{k}u\Vert_{L^{2}H_{O}^{1}}+R_{2,2}\Vert u\perp\Vert_{L^{2}H_{O}^{1}}\leq b_{2}\Vert g\Vert_{L^{2}L^{2}}$ (42)
(41) (42)
$(\begin{array}{ll}R_{1,1} -R_{1,2}-R_{2,1} R_{2,2}\end{array})(\begin{array}{l}||P_{h}^{k}u||_{L^{2}H_{0}^{1}}||u\perp||_{L^{2}H_{O}^{1}}\end{array})\leq(\begin{array}{l}b_{1}b_{2}\end{array})\Vert g\Vert_{L^{2}L^{2}}$
$0\leq\kappa_{\phi,\psi}<1$
$\det(\begin{array}{ll}R_{1,l} -R_{l,2}-R_{2,1} R_{2,2}\end{array})=1-\kappa_{\phi,\psi}>0$
$(\begin{array}{l}||P_{h}^{k}u||_{L^{2}H_{O}^{1}}||u\perp||_{L^{2}H_{O}^{1}}\end{array})\leq\frac{1}{1-\kappa_{\phi,\psi}}(\begin{array}{ll}R_{2,2} R_{1,2}R_{2,1} R_{l,l}\end{array}) (\begin{array}{l}b_{1}b_{2}\end{array})\Vert g\Vert_{L^{2}L^{2}}$ (43)
$\Vert u\Vert_{L^{2}H_{O}^{1}}\leq\Vert P_{h}^{k}u\Vert_{L^{2}H_{0}^{1}}+\Vert u\perp\Vert_{L^{2}H_{O}^{1}}$ (33)
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5:
$\{\begin{array}{ll}\frac{\partial u}{\partial t}-\nu\triangle u=u^{2}+f(x, t) in \Omega\cross J (44a)u(x, t)=0 on \partial\Omega\cross J (44b)u(x, 0)=0 on \Omega (44c)\end{array}$
$u_{h}^{k}$ $u$ (44) :
$\{\begin{array}{ll}\mathcal{L}_{t}w\equiv\frac{\partial w}{\partial t}-\nu\triangle w-2u_{h}^{k}w=g in\Omega\cross J (45a)w(x, t)=0 on \partial\Omega\cross J (45b)w(x, 0)=0 on \Omega (45c)\end{array}$
$f(x, t, u, \nabla u)=u^{2}+f(x, t),$ $b=0,$ $c=-2u_{h}^{k}$ $g(w)$
$g(w)=w^{2}+\epsilon$ , $\epsilon=(u_{h}^{k})^{2}+\hat{f}-(\frac{d}{dt}u_{h}^{k}-\nu\triangle u_{h}^{k})$ ,
$\epsilon$ $u_{h}^{k}arrow u$ $\epsilonarrow 0$
$W_{\alpha\beta}$ :








$\Vert\frac{d}{dt}\hat{w}\Vert_{L^{2}(J;L^{2}(\Omega))}$ $\leq$ $(2C_{p}\Vert \mathcal{L}_{t}^{-1}\Vert\Vert u_{h}^{k}\Vert_{L(J;L(\Omega))}\infty\infty+1)(\alpha\beta\sqrt{\frac{T}{8}}+\Vert\epsilon\Vert_{L^{2}(J;L^{2}(\Omega))})$ ,
:
$\{\begin{array}{l}\Vert \mathcal{L}_{t}^{-1}\Vert(\alpha\beta\sqrt{\frac{T}{8}}+\Vert\epsilon\Vert_{L^{2}(J;L^{2}(\Omega))})\leq\alpha, (46a)(2C_{p}\Vert \mathcal{L}_{t}^{-1}\Vert\Vert u_{h}^{k}\Vert_{L^{\infty}(J;L^{\infty}(\Omega))}+1)(\alpha\beta\sqrt{\frac{T}{8}}+\Vert\epsilon\Vert_{L^{2}(J;L^{2}(\Omega))})\leq\beta. (46b).\end{array}$
$\Vert \mathcal{L}_{t}^{-1}\Vert$ (46) $\alpha,$ $\beta$ $d=1,$ $\Omega=(0,1)$ $f$
$u(x, t)$ :
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1. $u(x, t)=t\sin(\pi x)$. 2. $u(x, t)=\sin(\pi t)\sin(\pi x)$
$u_{h}^{k}$ 3 (46)
$\Vert \mathcal{L}_{t}^{-1}\Vert$
(5), (13), (33) $\Vert \mathcal{L}_{t}^{-1}\Vert$ 1, 2 (46) $\alpha,$ $\beta$
1, 2 Dell Precision T7500 (CPU: Xeon x5680, : $72GB$)
MATLAB $R2010b$, INTLAB 6
1,2 (33) (5), (13)





[1] S. Kimura and N. Yamamoto, On explicit bounds in the error for the $H_{0^{-}}^{1}$
projection into piecewise polynomial spaces, Bulletin of Informatics and Cy-
bemetics, 31(2), 109-115, 1999.
0.5 1 1.5 2
$T$
05 1 1.5 2
$T$
1: 1, $\nu=0.1$ . 2: 2, $\nu=0.1$ .
120
1: 1, $h=1/16,$ $k=h^{2}$ .
2: 2, $h=1/16,$ $k=h^{2}$ .
[2] T. Kinoshita, T. Kimura and M.T. Nakao: A posteriori estimates. of inverse
operators for initial value problems in linear ordinary differential equations,
Journal of Computational and Applied Mathematics, 236(6), 1622-1636, 2011.
[3] M.T. Nakao, T. Kinoshita and T. Kimura: On a posteriori estimates of inverse
operators for linear parabolic initial-boundary value problems, to appear in
Computing.
[4] M.T. Nakao, K. Hashimoto, Y. Watanabe: A numerical method to verify the
invertibility of linear elliptic operators with applications to nonlinear problems,
Computing, 75, 1-14, 2005.
[5] M.H. Schultz, Spline Analysis, Prentice-Hall, 1973.
[6] E. Zeidler, Nonlinear functional analysis and its applications II$/A$ , Springer-
Verlag, 1990.
121
